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This is a cont:inua1:ion-in-part: of our application Ser. No, 
07/795,335 filed November 20, 1991* ' 

A 

BACKGROUND OF THE INVENTION 
Field of "the Invention 

The present invention relates to a process for smelting 
copper sulfide concentrates to extract copper. 
Prior Art 

As schematically depicted in Figs. 1 and 2, a copper 
smelting apparatus comprised of a plurality of furnaces is 
hitherto known. The smelting apparatus comprises a smelting 
furnace 1 for melting and oxidizing the copper concentrates 
supplied together with oxygen -enriched air, to produce a mix- 
! ture of matte M and slag S, a separating furnace 2 for separat- 

ing the matte M from the slag S, a converter or converting 
furnace 3 for oxidizing the separated matte M into blister 
copper C and slag, and anode furnaces 4 and 4 for refining the 
blister copper C thus obtained to produce copper of higher 
purity. In each of the smelting furnace 1 and the converting 
furnace 3, a lance 5 composed of a double-pipe structure is 
inserted through the furnace roof and attached thereto for 
vertical movement. Copper concentrates, oxygen-enriched air, 
flux and so on are supplied into each furnace through the lance 
5. The separating furnace 2 is an electric furnace, which is 
equipped with electrodes 6. 

As shown in Fig. 1, the smelting furnace 1, the separating 
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furnace 2 and the converting furnace 3 are arranged so as to 
have different elevations in the descending order, and are 
connected in series through launder 7A and 7B, so that the melt 
is tapped via gravitational force through these launders 7A and 
7B. 

Thus, the blister copper is produced in a blister copper- 
producing facility which includes the smelting furnace 1, the 
separating furnace 2 and the converting furnace 3. However, 
other type of known facilities including reverberatory fur- 
naces, flash furnaces or the like could as well be employed to 
produce the blister copper. 

The blister copper C thus produced in the blister copper- 
producing facility is stored temporarily in a holding furnace 
8, and then received in a ladle 9, which is conveyed by means 
of a crane 10 to the anode furnaces 4, and the blister copper C 
is poured thereinto through the inlet formed in the top wall. 

Since the refining operations at the anode furnaces 4 are 
conducted in batches, the blister copper C produced in the 
blister copper-producing facility must be stored temporarily in 
the holding furnace 8. Accordingly, the installation of the 
holding furnace 8 is required. In addition, the ladle, the 
crane and so on are required in order to transport the blister 
copper C from the holding furnace 8 to the anode furnaces 4. 
Furthermore, a large amount of energy has been required to keep 
the temperature of the blister copper C high enough during 
these operations. As a result, the expenses for the installa- 
tion of the facilities as well as the running costs are high, 
and the opportunities for the reduction in the installed area 
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of "the smelting apparatus are limited. 

SUMMARY OF THE INVENTION 

It is therefore a principal object and feature of the 
present invention to provide a novel copper smelting process 
which does not require holding the blister copper melt tempo- 
rarily prior to the refining at the anode furnace, and by which 
the operation up to the refining step at the anode furnaces can 
be conducted in a highly effective manner. 

Another object and feature of the invention is to provide 
a copper smelting process which involves highly improved refin- 
ing operation of the blister copper, and which does not require 
unduly large refining capacities. 

A further object and feature of the invention is to pro- 
vide a copper smelting process in which upon refining blister 
copper at the anode furnace, the oxidation can be effectively 
carried out even when the amount of -the blister copper is 
small . 

According to a principal aspect of the invention, there is 
provided a process for copper smelting, comprising the steps 
of: 

providing a blister copper producing means, a plurality of 
anode furnaces and blister copper launder means for connecting 
the blister copper-producing means and the anode furnaces; 

producing blister copper in said blister copper producing 
means ; 

subsequently causing the blister copper to flow through 
the blister copper launder means into one of the anode fur- 
naces ; and 

3 



• 



refining "the blister copper into copper of higher quality 
in the anode furnace. 

According to another aspect of the invention, there is 
provided a copper smelting process wherein the refining step 
includes : 

receiving the blister copper tapped through the blister 
copper launder means in the anode furnace; 

oxidizing the blister copper in the anode furnace by 
blowing oxidizing gas into the anode furnace; 

subsequently reducing the oxidized copper in the anode 
furnace into the copper of higher quality; and 

subsequently discharging the copper of higher quality from 
the anode furnace; and 

wherein the blister copper receiving step and the oxidiz- 
ing step are carried out at least partly in an overlapping 
fashion* 

According to a further aspect of the invention, there is 
provided a copper smelting process wherein the anode furnace 
includes a furnace body supported rotatably about an axis 
thereof with the axis being arranged horizontally, the furnace 
body including a tuyere opening thereinto, and wherein the 
oxidizing step includes blowing the oxidizing gas into the 
anode furnace while adjusting a depth of the tuyere from a melt 
surface in the anode furnace by rotating the furnace body. The 
oxidizing gas is preferably composed of oxygen-enriched air. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic cross-sectional view of a conven- 
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-tional copper smelting apparatus; 

Fig, 2 is a schemat:ic plan view of the apparatus of Fig. 

1; 

Fig. 3 is a plan view of an apparatus for practicing a 
continuous copper smelting process in accordance with the 
present invention; 

Fig. 4 is an enlarged plan view of an anode furnace used 
in the apparatus of Fig. 3; 

Fig. 5 is an enlarged side-elevational view of the anode 
furnace of Fig. 4; 

Fig. 6 is a cross-sectional view of the anode furnace of 
Fig. 4 taken along the line VI -VI in Fig. 4; 

Fig. 7 is a cross -sectional view of the anode furnace of 
Fig. 4 taken along the line VI I -VI I in Fig. 5; 

Figs. 8 to 10 are cross-sectional views of the rotated 
anode furnace corresponding to blister copper receiving stage, 
oxidation stage, and reduction stage, respectively; 

Fig. 11 is a schematic representation showing the opera- 
tional flow in the refining step at the anode furnace of Fig. 
4; and 

Fig. 12 is a view similar to Fig. 11, but showing the most 
preferable refining procedures. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 
Fig. 3 depicts a continuous copper smelting apparatus for 
practicing a copper smelting process in accordance with the 
invention, in which the same characters or numerals are used to 
denote the same parts or members as in Figs. 1 and 2. 

As is the case with the prior art smelting apparatus, the 
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continuous copper smelting apparatus comprises a blister cop- 
per-producing device or means which includes a smelting furnace 
1 for melting and oxidizing copper concentrates to produce a 
mixture of matte M and slag S, a separating furnace 2 for 
separating the matte M from the slag S, and a converting fur- 
nace 3 for oxidizing the matte M to produce blister copper. 
The apparatus further includes a plurality of anode furnaces 4 
for refining the blister copper produced in the blister 
copper-producing means into copper of higher purity. The 
smelting furnace 1, the separating furnace 2 and the converting 
furnace 3 are arranged so as to have different elevations in 
the descending order, and a melt launder means or assembly com- 
prised of inclined launders 7A and 7B defining fluid passage- 
ways for the melt, is provided so as to connect the above three 
furnaces in series. Thus, the melt is tapped from the smelting 
furnace 1 through the launder 7A to the separating furnace 2 
and from the separating furnace 2 through the launder 7B down 
into the converting furnace 3. Furthermore, in each of the 
smelting furnace 1 and the converting furnace 3, a plurality of 
lances 5 each composed of a double-pipe structure are inserted 
through the furnace roof and secured thereto for vertical 
movement, and the copper concentrates, oxygen-enriched air, 
flux and so on are supplied into each furnace through these 
lances 5. Furthermore, the separating furnace 2 is composed of 
an electric furnace equipped with a plurality of electrodes 6. 

In the illustrated embodiment, two anode furnaces 4 are 
arranged in parallel with each other, and the converting fur- 
nace 3 is connected to these anode furnaces 4 through launder 
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means or assembly 11 defining fluid passageways for blister 
copper melt. The launder means 11, through which the blister 
copper produced in the converting furnace 3 is transferred to 
the anode furnaces 4, includes an upstream main launder llA 
connected at its one end to the outlet of the converting fur- 
nace 3 and sloping downwardly in a direction away from the 
converting furnace 3, and a pair of downstream branch launders 
IIB and IIB branched off from the main launder llA so as to be 
inclined downwardly in a direction away from the main launder 
llA and connected at their ends to the anode furnaces 4 and 4, 
respectively . 

Furthermore, means 12 for selectively bringing the main 
launder llA into fluid communication with one of the branch 
launders IIB is provided at the junction between the main 
launder llA and the branch launders IIB. This means 12 may be 
of any structure. In the simplest form, that portion of each 
branch launder IIB adjacent to the junction with the main 
launder llA may be formed such that its bottom is somewhat 
shallow, and a castable or a lump of refractory material may be 
cast into the shallow portion of the branch launder IIB which 
is not to be utilized. 

Furthermore, in addition to the other launders 7A and 7B, 
the above blister copper launders llA and IIB are all provided 
with covers, heat conserving devices such as burners and/or 
facilities for regulating the ambient atmosphere are provided 
thereon, whereby the melt flowing down through these launders 
is kept at high temperature in a hermetically sealed state. 

As best shown in Figs. 4 to 6, each anode furnace 4 in- 
cludes a cylindrical furnace body 21 having a shell portion 21b 
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and a pair of end plates 21a mounted on the opposite ends of 
the shell portion 21b, which is provided with a pair of tires 
22 and. 22 fixedly mounted thereon. A plurality of supporting 
wheels 23 are mounted on a base so as to receive the tires 22, 
so that the furnace body 21 is supported rotatably about its 
axis, which is disposed horizontal. A girth gear 24a is mount- 
ed on one end of the furnace body 21, and is meshed with a 
drive gear 24b, which is connected to a drive assembly 25 
disposed adjacent to the furnace body 21, so that the furnace 
body 21 is adapted to be rotated by the drive assembly 25. 

In addition, as shown in Figs. 4 and 5, a burner 26 for 
keeping the melt in the furnace at high temperature is mounted 
on one of the end plates 21a, and a pair of tuyeres 27 and 27 
are mounted on the shell portion 21b for blowing air or 
oxygen-enriched air into the furnace body 21. Furthermore, the 
shell portion 21b is provided with a tap hole 28 in opposite 
relation to one of the tuyeres 27, and the copper refined in 
the anode furnace is discharged through the tap hole 28 into a 
casting apparatus, where the copper is cast into anode plates. 
Furthermore, an inlet 29 for introducing lumps such as anode 
scraps into the furnace is mounted on the shell portion 21b at 
the upper mid-portion. Moreover, as shown in Fig. 6, a flue 
opening 30 of a generally elliptical shape is formed on top of 
the shell portion 21b opposite to the burner 26. The flue 
opening 30 extends circumf erentially of the shell portion 21b 
from a position defining the top of the furnace when situated 
in the ordinary position. 

A hood 31, which is provided at the end of an exhaust 
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duct, is mounted so as to cover this flue opening 30. More 
specifically, as best shown in Fig. 7, the hood 31 extends so 
as to cover all the circumferential zone corresponding to the 
angular position of the flue opening 30 which moves angularly 
as the furnace body 21 rotates. Furthermore, each branch 
launder IIB for flowing the blister copper melt is inserted 
through the side plate of the hood 31 in such a manner that an 
end lie of the launder IIB is located above the flue opening 
30. The hood 31 as well as the end IIC of the launder IIB are 
provided with water-cooling jackets, respectively. 

The copper smelting process in accordance with the present 
invention will be carried out using the aforesaid copper smelt- 
ing apparatus . 

First, granule materials such as copper concentrates are 
blown into the smelting furnace 1 through the lances 5 together 
with the oxygen-enriched air. The copper concentrates thus 
blown into the furnace 1 are partly oxidized and melted due to 
the heat generated by the oxidation, so that a mixture of matte 
M and slag S is formed, the matte containing copper sulfide and 
iron sulfide as principal constituents and having a high spe- 
cific gravity, while the slag is composed of gangue mineral, 
flux, iron oxides and so on, and has a lower specific gravity. 
The mixture of the matte M and the slag S overflows from the 
outlet lA of the smelting furnace 1 through the launder 7A into 
the separating furnace 2. 

The mixture of the matte M and the slag S overflowed to 
the separating furnace 2 are separated into two immiscible 
layers of matte M and slag S due to the differences in the 
specific gravity. The matte M thus separated overflows through 
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a siphon 2A provided at the outlet of the separating furnace 2, 
and is run off into the converting furnace 3 through the laun- 
der 7B, The slag S is tapped off from the tap hole 2B, and 
granulated by water and removed outside the smelting system. 

The matte M tapped into the converting furnace 3 is fur- 
ther oxidized by oxygen-enriched air blown through the lances 
5, and the slag S is removed therefrom* Thus, the matte M is 
converted into blister copper C, which has a purity of about 
98.5%, and is tapped from the outlet 3A into the blister copper 
main launder llA. Furthermore, the slag S separated in the 
converting furnace 3 has a relatively high copper content. 
Therefore, after discharged from the outlet 3B, the slag S is 
granulated by water, dried and recycled to the smelting furnace 
1, where it is smelted again. 

The blister copper C tapped into the main launder llA 
flows through one of the branch launders IIB and IIB, which is 
in advance brought into fluid communication with the main 
launder llA by casting a castable into the other branch laun- 
der, and is tapped through the flue opening 30 into a corre- 
sponding one of the anode furnaces 4. Fig. 8 depicts the 
rotated position of the anode furnace 4 which is maintained 
during the receiving operation. 

After the receiving operation of the blister copper C is 
completed, the drive assembly 25 is activated to rotate the 
furnace body 21 by a prescribed angle to the position as de- 
picted in Fig. 9, where the tuyeres 27 are positioned under the 
surface of the melt. In this position, air, or preferably 
oxygen-enriched air, is first blown through the tuyeres 27 into 
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the furnace body 21 "to cause the oxidation of the blister 
copper C to occur for a prescribed period of time, thereby- 
causing the sulfur concentration in the copper to approach a 
prescribed target value. Further, a reducing agent containing 
a mixture of hydrocarbon and air as principal constituents is 
supplied into the furnace body 21 to carry out the reduction 
operation, so that the oxygen content in the copper is caused 
to approach a prescribed target value. The exhausted gas 
produced during the above operations is recovered by leading 
the flue gas through the flue opening 30 and the hood 31 into 
the exhaust gas duct, and suitably treating it. The slag S is 
discharged from the inlet 29. 

The blister copper C tapped from the converting furnace 4 
is thus refined into copper of higher purity in the anode 
furnace 4. Then, the drive assembly 25 is activated again to 
further rotate the furnace body 21 by a prescribed angle as 
shown in Fig. 10, and the molten copper is discharged through 
the tap hole 28. The molten copper thus obtained is transferred 
using anode launder to an anode casting mold, and is cast into 
anode plates, which are then conveyed to the next electro- 
refining facilities . 

Now, typical operational patterns for the refining step at 
the anode furnaces involving the reception of the blister 
copper C into the two anode furnaces 4 and 4, the oxidation, 
the reduction and the casting will be described with reference 
to the time schedules depicted in Figs, 11 and 12. 

Fig. 11 corresponds to the case where the capacities of 
the anode furnace and the converting furnace are generally 
balanced. While the blister copper C is being received in one 
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of the anode furnace (a), the blister copper C received in the 
previous step is subjected to oxidation, reduction, casting and 
miscellaneous operations accompanying these in the other anode 
furnace (b). In this pattern, it takes two hours for the 
oxidation, two hours for the reduction, and four hours for the 
casting operation. In addition, it takes half an hour to clean 
the tuyeres between the oxidation operation and the reduction 
operation, and one hour to arrange for the casting operation 
between the reduction operation and the casting operation, 
while it takes half an hour for clearing-up of casting between 
the casting operation and the commencement of the reception of 
the next charge. Thus, the total time required for the oxida- 
tion, the reduction, the casting operation, and other miscella- 
neous works such as cleaning of the tuyeres, arrangement for 
casting and cleaning-up for casting is ten hours, and is iden- 
tical to the time required for receiving the charge in the 
anode furnace. Consequently, no waiting time is available 
between the cleaning-up for casting and the reception of the 
next charge . 

Fig. 12 depicts a preferable pattern which may be adopted 
when the capacities of the anode furnaces are less than that of 
the converting furnace. In this case, in order to enhance the 
refining capacity, the oxidation of the blister copper C is 
carried out in parallel with the receiving of the blister 
copper at the last stage of the receiving operation. More 
specifically, the reception of the blister copper into the 
anode furnace is completed in 8 . 5 hours, while it takes 10 
hours from the oxidation to the cleaning-up for the casting. 
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Thus, -the operating time required is saved by overlapping the 
receiving operation and the oxidation operation. 

These receiving and oxidizing operations are carried out 
after the furnace body 21 is moved from the position of Fig. 8 
to that of Fig, 9, and is continued even after the reception of 
the blister copper is completed. 

With the above procedures, the reception and the oxidation 
are carried out in parallel with each other, so that the refin- 
ing time for the blister copper is reduced by the overlapping 
time. Therefore, the capacity of the anode furnace is result- 
antly increased, and when the capacities in the previous steps 
are increased, the overall production rate is correspondingly 
enhanced . 

In the foregoing, the time schedules shown in Figs. 13 to 
15 are Just examples for the operations at the anode furnaces, 
and appropriate different patterns may be selected depending 
upon the number, capacities of the anode furnaces, and process- 
ing time for the respective operations. Furthermore, as to the 
overlapping time of the receiving and oxidation operations in 
Fig. 12, it should be properly determined in consideration of 
the production rate of the blister copper, oxidation capacity 
at the anode furnace and so on. 

As described above, in the copper smelting process in 
accordance with the invention, the transport of the blister 
copper C from the converting furnace 3 to one of the anode 
furnaces 4 is carried out directly through the launder means 11 
defining fluid passageways for the blister copper melt. There- 
fore, no holding furnace is required, and naturally the heating 
operation at the holding furnace is not required, either. In 
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addition, inasmuch as no transporting facilities such as 
ladles, crane and so on are required, the total installation 
area of the copper smelting apparatus can be substantially 
reduced* Furthermore, since the facilities such as holding 
furnace, ladles, crane and so on are not required, expenses for 
the installation of these facilities as well as the running 
costs can be lowered. 

Furthermore, since the transport of the blister copper C 
from the converting furnace 3 to the anode furnaces 4 is car- 
ried out directly by the blister copper launder means 11, it is 
comparatively easy to maintain the blister copper C in a sub- 
stantially hermetically sealed state during the transport. 
Accordingly, very little gases containing sulfur dioxide and 
metal fume are produced, and the leakage of these gases, which 
adversely affects the environment, can be prevented in advance. 
In addition, the temperature variations of the blister copper C 
can be minimized. 

Furthermore, when the receiving operation and the oxidiz- 
ing operation are carried out in parallel with each other 
during the refining step at the anode furnace, the refining 
capacity at the anode furnace is resultant ly increased. There- 
fore, even though the capacity is predetermined, the anode 
furnace can flexibly cope with the variations in the capaci- 
ties of the previous steps . 

Moreover, in the oxidizing step at the anode furnace, the 
oxidizing gas is blown into the furnace while the depth of the 
tuyere from the melt surface is being adjusted by rotating the 
furnace body. Consequently, the oxidizing gas can react effec- 
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■tively with "the copper melt, and hence the oxidation can be 
carried out in an effective way even in the early stage in 
which the amount of the copper melt is small. 

Furthermore, when the oxygen-enriched air is used as the 
oxidizing gas, the heat balance and reactivity of oxidation can 
be controlled optimally, so that the productivity can be sub- 
stantially increased . 

Obviously many modifications and variations of the present 
invention are possible in the light of the above teachings. It 
is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than 
as specifically described. 
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